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F1 - Optimise cross sector integration
F2 – Develop an ecosystem for deep 

electrification

One-System of integrated systems (OS)

Better usage of current 
assets and new 

solutions at system level

Further developing        
the core of the     

electrical system

Breakthrough 
innovation opening 

big opportunities

The ENTSO-E R&I Roadmap 2020-2030 
Towards a pan-EU energy system with no net emissions of greenhouse gases in 2050

OS
One System

PG
for energy 

system 

CP
Cyber-Physical

System

ENTSO-E 
Roadmap 2020-2030

F3 - Enhanced grid use and development for a   
pan-EU market

Power Grid: backbine for energy system (PG) 

Cyber-Physical System (CP)
F4 - Enable large scale offshore wind energy into the grid
F5 - Enable secure operation of widespread hybrid AC-DC grid
F6 - Enhance control centers operation and interoperability
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HVDC technologies and materials

H
W

 a
n

d
 S

W
 s

o
lu

ti
o

n
s 

fo
r 

D
C

 g
ri

d
s/

sy
st

e
m

s
2020                                                   2025                                                      2030

Regulatory framework 
implementationRegulatory framework 

definition

Definition of Offshore wind 
ancillary services

Model for interoperability 
assessment of grid forming 

converters 

Standardization of HVDC  
models and replicas

HVDC 
interoperable grid 
forming converters

Multi-vendor & multi-terminal HVDC 
full scale demonstrator

Defined and evaluated 
protocols for 

multivendor “plug & 
play” approach

Requirements for multi 
vendor converter 
capabilities (at DC 
connection point)

Medium voltage DC multi-
vendor & multi-terminal 

demonstrator 

HVDC insulations   
and circuit breakers 

field tested

HVDC cables
and components 
standardization

Enable large scale 
offshore wind energy 

into the grid

Flagship 4

Pan-EU standard HVDC 
modeling tools

Development of HV 
components and sub-
systems for extreme 

environmental conditions

Remote monitoring 
and maintenance of 

equipment

Reliability and asset 
management of 

HVDC equipment
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Hybrid AC/DC systems: ancillary 
services
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AC/DC system 
modelling

Controllability and 
stability assessment

Intrinsic grid parameter 
estimation

New protection 
schemes

Inertia management 
by grid forming 

converters

Upgrade of power flow 
control tools to include 

DC grids

Assessment/validation  
of meshed DC grids

Network code and guidelines 
update with requirements 

for the DC side of grid 
forming converters

Fast system frequency 
change identification 

tools

Power quality monitoring  
and maintenance for  
hybrid AC/DC systems

Restoration plan of the    
Pan-European system

Assessment of 
interaction between 
AC and DC parts of 

the system

Deployment of meshed 
DC grids

New optimization 
techniques considering 

AC/DC system

Enable secure operation 
of widespread hybrid       

AC/DC grid

Flagship 5

Ancillary services from 
grid forming converters

DC faults propagation 
assessment 

Reliability assessment
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H2020 RDI projects – steps to offshore grid and System of interconnected systems 

The added value and expected impact of the RDI projects:

• Best Paths

❑ Standardization of HVDC models and replicas

• Promotion 

❑ Pan-EU standard HVDC modeling tools

❑ Model for interoperability assessment of grid forming converters 

❑ Requirements for multi vendor converter capabilities (at DC connection point)

• MIGRATE

❑ Interactions

❑ HVDC interoperable Grid forming convertors 

❑ New protection, Power Quality

❑ 100% Power Electronics 

• OSMOSE : Demonstrator for Grid Forming Control on Battery storage
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RDI Flagship projects for Cyber-Physical System

6

Integrate large 
scale offshore 
wind energy 
into the grid

Ensure secure 
operation   of 
widespread 

hybrid  AC-DC 
grid

AC-DC Interface 
including but not 
limited to Grid 
forming Control

…

Multi-Vendor-
Multi-Terminal-
Multi-Purpose 
HVDC Full Size 
Demonstrator

…

Interoperability workstream contributes

to



7

Improving Technology Readiness for Widespread AC-DC and Offshore 

Grids

Way forward to improving interoperability 

➢ Important task: enlarge the possible share of renewables utilizing HVDC technology

➢ Resulting challenges

▪ Integration of HVDC systems in AC and DC grids

▪ Large-scale interaction studies and compliance testing for assuring grid stability and security

of supply

▪ Optimized interfaces and process are a must due to system scale and complexity

➢ 3-step approach

▪ Step 1: Build a solid foundation – model requirements and ENTSO-E standard interface for

HIL/PHIL and SIL

▪ Step 2: Prevent risks in existing grids – multi-vendor AC-grid integration

▪ Step 3: Build new grids – multi-vendor DC-grid integration
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Interoperability of multi-vendor HVDC systems and other PEIDs

Contributes to the integration of large Offshore Grids and ensuring the operation of widespread AC/DC Grids

Work Stream 5 
Multi-Vendor Multi-Terminal Multi-Purpose Full Size Demonstrator and Grid Forming Control

Work Stream 1
Standardization of 

models, interfaces 

and methodologies 

toward (multi-

terminal) multi-

vendor HVDC 

systems

Work Stream 2
Assessment of 

interoperability for 

multi-vendor-multi-

terminal HVDC 

systems 

Work Stream 3
Local multi-purpose 

DC grid 

demonstrator

Work Stream 4
Coordination and 

organization 

between different 

stakeholders

Work 

stream 

structure
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ENTSO-E Standard Control Interface for HVDC

Step 1: Standard Control Interface Proposal – HIL/PHIL and SIL
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ENTSO-E Multi Vendor Interoperability Workstream Step 2 & 3 

Prevent risks in existing grids (AC-grid integration) - Build new grids (DC-grid integration)
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Work Stream 3:  Local multi-purpose DC grid demonstrator

Objective: 

• demonstrate a multivendor medium-voltage onshore multi-terminal DC system

Rationale: 

• Increasing number of connected interfaced by PE: generation (RES), loads (EV, datacenters,…) and storage

• Expected benefits from mutualized converter: reduced losses and scale, cost-efficient reliability, optimized 
monitoring and maintenance, recoverable heat losses, more efficient AC/DC operation, simplified connection for 
customers, etc.

Overview of expected equipment and features:

• AC/DC converter with grid forming controls

• DC/DC converter(s)

• Active filtering

• Variety of connectees

Background and Scope
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Work Stream 4: Coordination and organization between different 
stakeholders

Objective: 

• A coordinated and appropriately structured framework including model-exchange, legal and organizational 
aspects is required.

Rationale: 

• Modelling tool interoperability must be ensured and the grid model exchange standards must be adapted to cope 
with actual needs

• Legal aspects related to exchange of HVDC and PEID (vendor-specific) models must be solved.

• Responsibilities and duties related to the methodologies developed in WS1 require must be defined. If required, 
new roles will be introduced.

Overview of expected equipment and features:

• The outcome of this WS shall provide suitable tools and grid-model exchange standards, a clear definition of 
roles and a legal frame to perform interaction studies, where numerous stakeholders are involved. 

Background and Scope
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WS5: Multi-Vendor Multi-Terminal Multi-Purpose Full Size Demonstrator and 
Grid Forming Control
General Feedback and Discussion
Processes should be specified more clearly and in line with normal implementation processes:
• At the top level the task follow normal TSO processes

Projects should be linked to real cases for EU funding and technical availability
• This is now more explicit. Albeit, we keep the definition of specifics, such as selection criteria open at this stage.

• We acknowledge work done by PROMOTioN to identify projects that may be used. For the purpose of this document the text is kept open –
not to exclude other alternatives, and to facilitate some (cheaper) onshore options.

• We have defined (minimum) Use Cases.

We should include increased complexity
• In reality we will be bounded by the projects selected and their level of complexity and timing.

• Logically, it remains the expectation that many P2P connections will still be built and these need initial testing.
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Chronological sequence of activities for achieving sufficient TRL 

Timeline

HVDC 
Standard 
Control 

Interface

Implementation 
& testing

Standardized
HVDC Models

Interaction studies at DC connection point

Interaction studies at AC 
connection point Implementation Guidelines 

Interface between AC and DC grid

Selection of
potential 
locations

Evaluation of alternatives

Final approval and technical
specifications

Standardization of
generic platform

Requirements for modelling
tools

Responsibilities on interoperability issues 

Development of TYNDP, PCI and 
funding

Development of legal bases and 
procurement strategy

Interoperability and  
life-cycle assessment 

Model sharing between TSOs

Definition of DC PCC and components design 
DC Grid Code – functional requirements at DC 

connection point

Methodology and  guidelines for full scale 
HVDC demonstrator

Implementation and testing

Year 1 Year 2 Year 3 Year 4 Year 5-10
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Partnership framework and next steps in ENTSO-E’s workstreams 

Next Steps: Set the cooperation framework 

2020.02.04
EC workshop presentation on 

3 stepwise approach on 

Interoperability 

2020.04.28 - 2020.06.04
ENTSO-E interoperability 

workstream consultation

2020.06.04
Webinar on Interoperability 

Workstream

Setting the 
framework

Follow the EU 
project calls
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Thank you!


